Stroke incidence in Copenhagen, Denmark was recorded in a random population sample of 19,327 persons invited for two health examinations with 5 years' interval from 1976 to 1983. Stroke incidence increased exponentially with age. After adjustment to the age and sex distribution of the Danish population in 1980, the estimated incidence of first stroke was 1.41/ 1000 women and 2.48/1000 men; the total incidence was 1.94/1000 population. Risk factor analysis was based on the initial examination of 13,088 persons >35 years old without previous stroke who responded to the first invitation, in whom 295 first strokes were subsequently observed. We used the regression model of Cox. However, our use of this model differs from the somewhat automatic procedures normally used to develop prognostic models. Evaluation of the causative effect of a particular risk factor requires that the direction of mutual influences between the factor in question and other risk factors is established/postulated. Among the 16 potential risk factors for stroke we examined, significant effects were found for age, sex, household income, smoking habits, systolic blood pressure, diabetes, plasma cholesterol concentration, ischemic heart disease, and atrial fibrillation. No significant effect could be demonstrated for a positive family history of stroke, years of school education, marital status, alcohol consumption, daily use of tranquilizers, body mass index, or postmenopausal hormone treatment.
T he incidence of stroke varies between countries, 1 -7 and in the same location it varies with time. 8 - 10 Therefore, repeated incidence studies are needed to follow the development of this important disease entity. Although the pattern of risk factors for stroke has been intensively investigated, 11 -19 it is important to know if risk factors are the same in different areas of the world and whether the relative importance of the risk factors varies. The Copenhagen City Heart Study is a prospective population study comprising a cohort of 19,327 participants followed since 1976. The responders have been examined twice with an interval of 5 years. The data base has been supplemented with information on hospital admissions and cause of death for all participants in the cohort, which enabled us to determine the stroke incidence not only in the responders but in the nonresponders as well. The National Patient Register provided a unique opportunity of obtaining registration of almost all participants with stroke who had been admitted to a hospital.
The aims of our study were to estimate the incidence of first stroke and to define the profile of risk factors for stroke in Copenhagen, Denmark.
Subjects and Methods
The participants in the Copenhagen City Heart Study were selected at random from persons aged 20 years or older in the Copenhagen City Population Register after age stratification. All participants lived in an area of approximately 90,000 inhabitants in the center of Copenhagen around Rigshospitalet, mostly from the middle and working classes, of rather good but not wealthy socioeconomic status. Table 1 gives an outline of the study; a full description of the sampling procedure and study design is given elsewhere. 20 All participants were invited by letter to an initial health examination at Rigshospitalet on a specific date between March 1, 1976 , and March 31, 1978 , and to a second examination 5 years later, between April 6, 1981, and September 7, 1983 . In the instance of nonattendance, a second invitation was sent 6 months after the first. Stroke Incidence During the initial examination the medical history of the responders was obtained using a questionnaire. Those responders who answered positively to having had neurologic deficits were interviewed by a nurse according to a supplementary questionnaire. If the cause of the neurologic deficit was not convincingly extracranial, the responder was immediately interviewed and examined by a neurologist who evaluated the type of cerebrovascular disease, if any. The diagnosis of stroke was established on the basis of history and the clinical signs, and, if the responder had been admitted to a hospital, the hospital record or the discharge letter were obtained. First stroke occurring within the 5-year interval was the subject of our study, and therefore we excluded responders who had had a stroke before the initial examination. Those responders excluded have been described in a stroke prevalence study. 21 Additional information about death and cerebrovascular disease in the participants was obtained through the National Health Service Register of Death and the National Patient Register, which contains the discharge diagnosis from all hospital admissions. Among all the participants with a World Health Organization's International Classification of Disease, Eighth Revision (ICD) diagnosis of 430-438, the hospital discharge letters were retrieved to identify those who had suffered an event during the 5-year interval in question. These discharge letters permitted the exclusion of nonresponders with strokes before the study period. In a number of instances it was obvious from the description of the case that the diagnosis was incorrect; furthermore, participants with ICD diagnoses 437 and 438 rarely had suffered strokes but had had vague or diffuse symptoms such as vertigo, syncope, or dementia, and were therefore included as not having had a stroke.
A distinction between cerebral hematoma and infarction was possible in those participants who had had either computed tomography (CT scanning), angiography, or a brain autopsy. CT scanning was done in 19%, angiography in 12%, and brain autopsy in 7%, 34% of the fatal stroke cases. The stroke incidence analysis included nonspecified strokes, cerebral infarction, and hematomas but not transient ischemic attacks (TIAs) 22 or retinal artery occlusion; verified subarachnoid hemorrhage (SAH) was excluded.
Risk Factors
For the risk factor analysis 14,223 responders to the initial examination were eligible. No cerebrovascular events had occurred among 949 responders aged 20-34 years and they were therefore excluded, as were 186 responders with previous strokes, leaving 13, 088 . Among these, 229 suffered a first stroke, 60 a TIA, and six a retinal artery occlusion, yielding 295 cases of all stroke except SAH.
The variables evaluated as possible risk factors for stroke are listed in Table 2 . The majority of the risk factor variables are based on answers to the questionnaire; four (body mass index [BMI], systolic blood pressure [SBP] , plasma cholesterol concentration, and atrial fibrillation) are based on observations. The classification of the risk factor variables is explained below.
Statistical Methods for Risk Factor Analysis
The subject of risk factor analysis is the intensity or instantaneous risk of a first stroke. We used the regression model of Cox. 25 If t is time, x=x,, x 2 , . . . x r is a set of risk factor variables, and a \ , a 2 , • . . a r are regression coefficients, this model assumes that the stroke intensity A has a simple form: A (^, = A o (r) x e^" + < 1^+ -•**). Time was reckoned from the initial examination until the responder 1) had a stroke (event), 2) died of causes other than stroke (censoring), or 3) attended or was invited to attend the second examination (censoring). The regression coefficients were estimated using the maximum likelihood method as suggested by Cox, and the hypothesis of a significant effect of a risk factor variable on A was evaluated by means of the likelihood ratio test. First-order interaction terms were included in the models to evaluate whether a simple log-linear model was adequate.
We present the results of risk factor analysis in terms of relative risk. For binary variables, relative risk is the risk among persons with a certain characteristic (the variable coded as 1) divided by the risk among those without the characteristic (coded as 0). If the standard error of the regression coefficient is estimated as s a , the estimated relative risk is e (a \ and the 95% confidence interval (CI) is
When evaluating the effect of a potential risk factor on A, it is essential that all other risk factors one-way influencing the distribution of the potential risk factor be included in the model because this ensures that any confounding influences of such risk factors are eliminated. On the other hand, other risk factors the distributions of which may be one- Frequency as percent. Family history of stroke, yes if one parent had ever suffered a stroke; alcohol consumption, daily use; systolic blood pressure, measured in sitting position on left upper arm after 5 minutes' rest using London School of Hygiene sphygmomanometer; diabetes, yes if person stated so; plasma cholesterol concentration, measured nonfasting in EDTA enzymatically in a Gilford 3500 autoanalyzer, standardized with "Precilip" (Boehringer Mannheim) 23 ; postmenopausal hormone treatment, among 5,602 women 45-74 years old; ischemic heart disease, previous acute myocardial infarction or angina pectoris according to Rose's questionnaire 24 ; atrial fibrillation, diagnosed from electrocardiogram according to Minnesota Code. 24 way influenced by the potential risk factor should be excluded from the model to avoid underestimating the effect of the potential risk factor. Finally, if there is no one-way influence between several risk factors, they should be included in the model simultaneously because the effects of such risk factors cannot be evaluated independently.
A prerequisite for evaluation of the effects of risk factors is therefore the establishment of the direction of influences among them. The ordering of the Responders, participants who attended initial, second, or both cardiovascular examinations; Nonresponders, participants who did not respond to invitation and were therefore not examined; n, number of strokes.
risk factor variables in the six classes given in Table  2 reflects our assumptions about these directions. Among the risk factor variables within a class, there may be a mutual influence or no influence at all, but we assume that there is no one-way influence of one risk factor variable on the distribution of another. Between classes the direction of influences is assumed to go from A toward F. The risk factor variables in class A are assumed to be "basic," that is, the distributions of these variables are assumed to be not influenced by other risk factor variables.
In the risk factor analysis we first evaluated the three variables in Class A by including them all in the model. The variables identified as significant risk factors (at 5%) were included when evaluating the variable in Class B. In general, when evaluating the variables within a class, all were included simultaneously as were all variables found significant in the previous classes.
Results

Stroke Incidence
Altogether, 312 cases of first stroke were identified; of these, 83 were among nonresponders and 145 attended the initial examination only. Eightyfour survivors of a first stroke were identified by the neurologist at the second examination. Among the 84 survivors, 21 (25%) had not been hospitalized for their stroke.
In the majority of cases of first stroke a distinction between intracerebral hematoma and infarction was not possible due to the low frequency of neuroradiologic investigations. Thus, of the 312 cases of first stroke, 183 were classified as unspecified strokes, 108 as cerebral infarcts, and 21 as intracerebral hematomas; 16 cases of SAH had been excluded from further stroke incidence analysis. The acute stroke mortality (within 30 days after the event) was 19%. Table 3 gives the age-and sex-specific stroke incidence in responders and nonresponders by sex. Women nonresponders had a higher stroke incidence than women responders, while men nonresponders had a lower stroke incidence than men responders. After adjustment to the age and sex distribution of the Danish population in 1980, the estimated incidence of first stroke was 1.41/1000 women and 2.48/1000 men; the total incidence was 1.94/1000 population.
Risk Factors
When we included all variables of Class A in the model, we confirmed that age had a marked influence on the relative risk of stroke, which appeared to increase exponentially with age. Sex also had a marked influence on stroke risk, relative risk being higher for men. There was no indication of an interaction between age and sex, and it may thus be assumed that the higher relative risk for men was the same for all ages; the estimated relative risk was 2.4, with a 95% CI of 1.9-3.1. We did not find any influence of family history of stroke on the relative risk of stroke; the 95% CI was 0.7-1.3.
There was no influence on stroke risk of the variable in Class B in a model containing age and sex.
For the variables in Class C, persons with a low household income had a somewhat higher relative risk than the combined group of persons with medium and high household income, the estimated relative risk being 1.4 (95% CI 1.08-1.8). No significant difference in stroke risk was found between persons living alone and those living with someone.
Among the four variables in Class D, smoking habits were found to affect the stroke risk. There were no significant differences in relative risk between the three smoker groups, but when combined their relative risk differed significantly from that of the nonsmokers. years of age the stroke risk for smokers was approximately three times higher than that for nonsmokers, but the relative risk ratio diminished with age ( Figure 1 ). Twenty-seven percent of the 13,088 responders considered for risk factor analysis admitted to the daily consumption of alcohol, and more than a quarter of those consuming alcohol daily consumed more than five drinks a day on the average; however, no significant influence of alcohol consumption on the relative risk of stroke could be demonstrated. Nor was there a significant effect of the daily use of sleeping pills/tranquilizers, the 95% CI for relative risk being 0.9-1.5. No significant influence of BMI was found when included as a continuous variable or when persons with a BMI of >30 (12% of the responders considered) were compared with those leaner; the 95% CI for the relative risk in the latter instance was 0.8-1.6. Next, the simultaneous effects of the variables in Class E were evaluated in a model containing age, sex, household income, and smoking habits. As SBP varies systematically with age and sex, we did not use the measured value in the model but converted SBP into a standardized deviate by subtracting the average and dividing by the standard deviation for the 10-year age (35-44 yr, 45-54 yr, . . . 75 + yr) and sex group in question. In the top part of Figure 2 the results are given for nine arbitrary groups of SBP in relation to the stroke risk among persons with a standardized deviate of less than -1.2; these persons constituted approximately 10% of the 13,088 responders considered for risk factor analysis. No systematic change in risk was seen for increasing standardized deviates up to 0.15 (60% of the responders considered), but thereafter the risk increased gradually. In the bottom part of Figure 2 the results are summarized for four SBP groups in relation to the stroke risk among persons with standardized deviates of <0.15. The estimated relative risk for the group with the highest SBP (3.6% of the responders considered) was approximately four (95% CI 2.7-6.4) times higher than that for the reference group. The curve is a free-hand estimate of the relation between the relative risk of stroke and the standardized deviate of SBP. The SBP at which stroke risk starts to increase varied with age and sex as shown in Table 4 . The above analysis estimates the effect of SBP as we understand the term. As SBP is influenced by age, one might also ask a different question: How great a part of the effect of age can be ascribed to its influence on SBP? We compared the regression coefficients for age in a model containing age, sex, household income, and smoking habits and in a model containing the same variables plus the absolute values of SBP. The regression coefficients for age were 0.077 and 0.063, respectively, indicating that approximately one fifth of the effect of age is due to its influence on SBP.
Treatment for hypertension and SBP did not interact significantly; for a given SBP the relative risk of stroke was 1.5 (95% CI1.1-2.2) times higher among treated than among untreated responders considered for risk factor analysis.
Diabetes had a marked effect on the stroke risk, with a relative risk of 12 (95% CI 3.6-39) at age 35 years; the influence declined with age ( Figure 3 ).
Plasma cholesterol concentration was converted to standardized deviates in the same way as SBP. For the group with very high concentrations, that is, standardized deviates of >2.5 (comprising 1.5% of the 13,088 responders considered for risk factor analysis), the relative risk was 3.1 (95% CI 1.7-5.5) times higher than among persons with lower concentrations. The excess risk dropped rapidly with decreasing values; thus, for the group with standardized deviates of between 1.5 and 2.5 (5.5% of the responders considered) the estimated risk was only 1.1 times that of those with lower values. Inclusion of the absolute values of plasma cholesterol concentration in the model instead of the standardized deviates (analogous to the analysis for SBP) indicated that only a negligible part of the effect of age on stroke risk is mediated through the influence of age on cholesterol concentration.
The analysis of postmenopausal hormone treatment was limited to data for the 5,602 women aged 45-74 years among the 13,088 responders considered for risk factor analysis (Table 5 ). In a model containing age, household income, smoking habits, SBP, diabetes, and plasma cholesterol concentration, there was no indication that the use of postmenopausal estrogens influenced the stroke risk; the 95% CI was 0.5-1.9.
For Class F, the variable ischemic heart disease (IHD) contained information about angina and pre- vious acute myocardial infarction (AMI) and followed the same pattern as diabetes, but at a lower level (Figure 4) . The estimated effect of atrial fibrillation interacted significantly with the effect of sex (p<0.02). Among women, atrial fibrillation increased the stroke risk approximately 10 times, whereas among men (who generally have a higher relative risk) the risk was only doubled.
Discussion
Stroke Incidence
Several factors are important when estimating stroke incidence. Geographic differences in the disease pattern are notable in Denmark, where Copenhagen has a higher mortality 26 of cardiovascular diseases than the rest of the country. This negative influence of metropolitan lifestyle is inherent in our study, which might overestimate the stroke incidence for Denmark as a whole. The unexpectedly high rate of patients with stroke being managed at home (25% of those identified at the second health examination) may underestimate stroke incidence since such patients would not be registered among nonresponders. In our study stroke includes cerebral infarction and intracerebral hematomas, and since the latter usually account for 10-15% of all strokes, 24 correspondingly higher stroke incidence rates could be expected than in studies of brain infarction alone.
An earlier study from another area of Copenhagen (Frederiksberg) from 1971-1973 1 showed lower stroke incidence rates except for the oldest women. The two studies had different designs, and the important differences were that the Frederiksberg study excluded intracerebral hematomas and included recurrent strokes whereas we included intracerebral hematomas and excluded participants with previous stroke. Another difference is that we included nonhospitalized responders with stroke. Although direct comparison therefore is not justified, no tendency of a decline in the stroke incidence rate was noticeable.
The higher stroke incidence rate in men was constant over all age groups, and the sex difference was more pronounced in our study than in most other studies. There also appeared to be a sex difference in the pattern of responding; the percentage of responders was higher among women than among men. However, women nonresponders had a higher stroke incidence rate than women responders, while the opposite was true in men. A speculative explanation for these differences may be that women failed to respond due to health problems, while men had other reasons for nonresponding.
In our study, the age-specific stroke incidence rates were markedly higher for men than in Oxfordshire, England in 1981 2 and higher for both sexes than in Rochester, Minnesota in 1975 -1979 whereas they were close to the rates in Rochester in 1945-1949. The Copenhagen stroke incidence rates were similar to those from Espoo-Kauniainen, Finland in 1971-1973. 6 On the basis of the data on stroke incidence in Denmark available, there is no evidence of a decline as in the United States. 4810 The validity of this notion is substantiated by a study of the stroke incidence in 1982 from Glostrup, a suburb of Copenhagen, 27 in which stroke incidence rates were similar to or slightly above our current rates. In Stockholm, 9 analysis of stroke incidence from 1974 to 1981 showed a moderate increase in the incidence of first stroke in men and a slight decrease in women. In Espoo-Kauniainen, a decrease in the incidence of intracranial hemorrhage was demonstrated while the incidence of brain infarction remained unchanged in 1972-1980. 28 Nowhere in Scandinavia is there clear evidence of a decrease in stroke incidence. However, valid estimates are not available until 1972, which may be too short a period for detection of a change. Our cohort in Copenhagen will be followed to determine the current and future rates of stroke incidence.
Risk Factors
We identified all the classical risk factors for stroke 11 -1618 - 19 (age, sex, smoking habits, hypertension, diabetes, and IHD) as such. For smoking habits, diabetes, and IHD, their relative influence varied according to age, being more pronounced in younger age groups. However, their effects did not vanish at old age.
Our analysis of the effect of SBP was based not on the absolute values but on relative values within 10-year age and sex groups. For the lower half of the (relative) SBP values, the stroke risk appeared to be the same; for higher values the risk increased gradually but moderately. This pattern, which seems to hold for all age groups and both sexes, indicates that stroke risk begins to increase at SBPs lower than those usually taken to indicate hypertension (Table 4) . It also emphasizes the quantitative aspect of hypertension relative to stroke risk.
With respect to lower SBP values, our data are at variance with those of the Framingham Study 29 insofar as we did not find a steadily increasing risk from the lowest values, but a rather constant risk for the lower half of the SBP spectrum. For the upper half, the two studies showed the same trend of increasing stroke risk with increasing SBP.
As blood pressure increases with age, there is a possibility that part of the effect of age could be explained by its influence on SBP. Our analysis showed that only one fifth of the effect of age could be ascribed to an age-dependent increase in SBP.
The major proportion of the age effect therefore must depend on other factors not accounted for in our study. Unrecognized vascular changes are probably important.
All participants, as well as their general physicians, were informed of SBP readings, and it is therefore likely that hypertension was subsequently treated. This would tend to reduce the effect of hypertension on stroke risk, as shown in the MRC trial. 30 However, antihypertensive treatment did not reduce the stroke risk to that of untreated persons; for comparable SBPs there was a significantly higher stroke risk in those treated for hypertension than among those not treated.
The diagnosis of diabetes was based on history alone and not on blood glucose concentrations. Our analysis therefore deals with diagnosed cases and not with borderline diabetics. This may explain why we found diabetes to be a relatively greater risk factor than other studies. In contrast to the findings at the Mayo Clinic, 31 we did not find the influence of diabetes to be blood pressure-dependent.
A family history of stroke was not associated with an increased stroke risk, whereas a recent Swedish study 32 found an increased risk in men whose mothers had died of stroke. Alcohol consumption, which was found to be an important risk factor in other studies, 1719 - 33 was not found to have a significant effect in our study despite the fact that a relatively large proportion of persons stated that they took more than five drinks a day. Others have found obesity to be a risk factor for stroke, 34 while in our study BMI was without significant influence. Although others have found postmenopausal estrogens associated with an increase in stroke risk, 35 we found no such association. The possibility of a protective effect of estrogens against coronary heart disease has been suggested. 36 According to the Cox model, the combined effect of several risk factors is multiplicative. We evaluated (as far as possible) the validity of this assumption and found some significant deviations. The effects of smoking habits, diabetes, and IHD differ according to age, and the effect of atrial fibrillation is different in men and women. In these instances we made the necessary adjustments to the model by including interaction terms. However, we cannot say with confidence that the simple multiplicative relation will hold in all other instances. Due to our relatively few cases of first stroke, we have refrained from evaluating second-and higher-order interactions.
